The World Health Organization recommends iron and folic acid (IFA) supplementation for pregnant women. The high prevalence of anaemia among pregnant women in Niger warrants better understanding of the utilization of antenatal care (ANC) and IFA. We aimed to assess the preva- 
| INTRODUCTION
Antenatal care (ANC) improves maternal and perinatal health, contributes to newborn survival, promotes institutional birth Fernandez Turienzo, Sandall, & Peacock, 2016; WHO & UNICEF, 2003) , and reduces maternal mortality (Berhan & Berhan, 2014) . The World Health Organization (WHO) until recently recommended "focused ANC" consisting of at least four visits for normal pregnancies with the first visit occurring before 12 weeks of pregnancy (WHO, 2002) . Focused ANC provides an opportunity for early detection and management of any pregnancy-related complications or pre-existing diseases, distribution of preventive interventions and provision of treatment, and timely advice and counselling (WHO, 2002) . Despite significant improvements in the coverage of ANC over the last two decades, about 40% of women globally still do not receive the recommended four routine ANC visits (WHO, 2015b) , which may be due to interaction between potential factors such as rural residence, higher parity, low maternal education, and poverty across the region of subSaharan Africa (WHO & UNICEF, 2003) . Many women do not start ANC early enough to exploit all opportunities for ANC, possibly due to lack of understanding or ignorance or misconceptions of the purpose and value of ANC, the correct time to commence ANC, delayed recognition of pregnancy, and/or lack of support from husbands (Ebeigbe & Igberase, 2010; Gross, Alba, Glass, Schellenberg, & Obrist, 2012; Haddrill, Jones, Mitchell, & Anumba, 2014) . Moreover, women who receive ANC often experience poor quality of care (WHO & UNICEF, 2003; WHO & World Bank, 2015; WHO, 2015b) , and access to maternal health services is often affected by seasonality in subSaharan Africa due to increased mother's workload during harvesting and planting season (O'Connell, Bedford, Thiede, & McIntyre, 2015) and substantial rainfall and flooding of roads during the wet season (Blanford, Kumar, Luo, & MacEachren, 2012) .
Pregnant women are particularly vulnerable to iron deficiency anaemia because of increased iron demands for growth and maintenance of the maternal-placental-fetal unit (Balarajan, Ramakrishnan, Ozaltin, Shankar, & Subramanian, 2011) and physiological hemodilution (Goonewardene, Shehata, & Hamad, 2012) , often aggravated by poor prepregnancy iron reserve (Breymann, 2015; Ronnenberg et al., 2004) .
A standard daily dose of oral iron and folic acid supplementation (30 to 60-mg elemental iron with 400-mcg folic acid) during pregnancy starting as early as possible as part of the ANC is currently recommended by the WHO to reduce the risk of low birth weight, maternal anaemia, and iron deficiency (WHO, 2012; WHO, 2016b) . However, underutilization of recommended ANC may aggravate anaemia or iron deficiency during pregnancy due to delay in diagnosis and treatment of pre-existing anaemia, inadequate access to prophylactic iron-folic acid (IFA) supplementation, or lack of ANC counselling to adhere to IFA recommendations.
All countries in West Africa, including Niger, have an anaemia prevalence of ≥40% among pregnant women (Ayoya, Bendech, Zagre, & Tchibindat, 2012; WHO, 2015a ) implying a severe public health concern (WHO, 2011) . It has been estimated that the share of anaemia amenable to iron is >55% in pregnant women and children in lowincome regions of the world (Stevens et al., 2013) . Iron deficiency contributes to maternal mortality (Black et al., 2008) , and in Africa, 6.4% of maternal mortality is attributable to anaemia (Brabin, Hakimi, & Pelletier, 2001 ). Niger has a high maternal mortality rate (553 deaths/100,000 live births) (Central Intelligence Agency, 2015) and the world's highest fertility rate with an average of 7.6 children born per woman (The World Bank, 2015) . The sustainable development goals target 3.1 aims to reduce the global maternal mortality ratio to <70 per 100,000 live births by 2030 (WHO, 2015b ) and the World Health Assembly's second global nutrition target 2025 aims to reduce anaemia by 50% among women of reproductive age (WHO, 2014) . Improvement in ANC seeking and adherence to IFA supplementation are expected to contribute to the reduction of maternal mortality and improve maternal and newborn health outcomes including reduction of maternal anaemia (Pena-Rosas, De-Regil, Garcia-Casal, & Dowswell, 2015; WHO, 2015b) .
Niger has adopted the policy of providing IFA supplementation during pregnancy through routine ANC (Wuehler & Biga Hassoumi, 2011) . Despite significant improvements in the coverage of at least one ANC visit and distribution of IFA supplementation during pregnancy, coverage of the recommended four ANC visits (32.8%) and consumption of >90 IFA supplements (28.6%) remains low (INS & ICF International, 2013; WHO, 2016a) . More importantly, the prevalence of anaemia in pregnant women is very high at 58.6% (WHO, 2016c).
The main objectives of the present study were to assess the prevalence of utilization of ANC and IFA and to identify the factors associated with utilization of ANC and adherence to recommended IFA supplementation among pregnant women in rural Zinder, Niger, using individual, household, and village level variables. Moreover, associations with seasonal variation were explored. Understanding the factors associated with ANC attendance and adherence to IFA supplementation during pregnancy will provide guidance for the development of sustainable intervention programmes to improve health and nutritional status of pregnant women in Niger.
| MATERIALS AND METHODS

| Study design and participants
This study was a community-based cross-sectional survey of pregnant women carried out in two health districts in the Zinder region of Niger using a continuous enrollment schedule over a period of 12 months to account for seasonality (Mar 2014 -Feb 2015 . The survey was part of the baseline evaluation of the Niger Maternal Nutrition (NiMaNu) Project, which was registered with the U.S. National Institutes of Health (www.ClinicalTrials.gov, NCT01832688). Households with potentially eligible pregnant women within the catchment areas of 12 integrated health centres (CSIs) were identified for the baseline survey employing a multistage clustered sampling design. Briefly, 12 CSIs (seven from Mirriah Health District and five from Zinder Health District) were initially selected by convenience sampling and were randomized to the order of participation. Within the catchment area of each CSI, five to eight villages were selected per CSI resulting in a total of 64 villages.
The village in which the sampled CSI was located (CSI containing village) was automatically included in the study. One village with a health post (CS) was randomly selected per CSI (CS containing village) among all CS containing villages in the catchment area of that particular CSI. The remaining 3-6 villages per CSI were randomly selected from among the remaining villages (not containing any CSI or CS) after stratification by population size and distance to the health facility. To explore the impact of seasonality, we targeted enrollment of~77 pregnant women per CSI to enroll of 923 women over 12 months. Pregnant women were
Key messages
• ANC attendance and adherence to recommended IFA supplementation remains low in rural Zinder, Niger.
• Longer gestational age (≥27 weeks) and previous health facility birth are positively associated with ANC attendance during current pregnancy in this population.
• Women who reportedly received husbands' support are more likely to seek ANC and adhere to daily IFA supplementation.
• ANC care seeking and adherence to recommended IFA supplementation may be improved through promotion of early ANC visits, ensuring availability and free distribution of IFA supplements at the health facility and involving husbands.
identified and interviewed using the random walk method (United Nations, 2008) , with a starting point randomly selected for each village (market, primary school, or mosque). Particpant enrollment continued until the desired sample size was reached (16-20 women per village) or until there were no more eligible pregnant women in the village.
Women of any age were eligible to participate in the survey if they reported being currently pregnant, had resided in the village for the six previous months, and planned to stay for at least two additional months. Those who presented with a severe illness warranting immediate hospital referral or were unable to provide consent due to mental disabilities were excluded from the study. All eligible pregnant women were interviewed through household visits using pretested structured questionnaires. Interviews were conducted by eight trained local female interviewers in Hausa, the predominant local language. Data were collected on sociodemographic characteristics of the households, anthropometric measurements, household food insecurity, dietary diversity, and knowledge, attitude, and practices of the women about ANC and IFA. To obtain village level information on village characteristics, infrastructures and services (Table S1 ), health centre personnel, and/or heads of villages were interviewed. In cases where respondents were not able to provide all village level information, we asked the interviewee to refer us to additional village representatives with relevant knowledge.
| Ethical consideration
The study protocol and consenting procedures were approved by the National Consultative Ethical Committee of Niger and the Institutional Review Board of the University of California, Davis, USA. In case the pregnant woman was illiterate, an impartial witness was present during the consent process, who confirmed that the information in the consent document was accurately explained, and that consent was freely given. Informed consent was documented with a signature or a fingerprint.
| Measures
| Outcome variables
We constructed two primary dichotomous outcome variables. The first outcome was utilization of ANC, and the second outcome was adherence to recommended IFA supplementation. ANC use was defined as whether the woman participated in any ANC visit to any health facilities including CSI or CS during her current pregnancy regardless of her estimated gestational age. Adherence to recommended IFA supplementation was defined as whether the woman consumed IFA supplement daily in the previous 7 days if she had reported receiving any IFA supplement during her current pregnancy.
| Independent variables
The independent variables examined are listed in the Table S1 , and some additional explanations are provided below.
Gestational age and pregnancy trimester
A weighted average of gestational age was created in which reported measures for last menstrual period (LMP; LMP by months, LMP by lunar cycle, and LMP by proximity to a religious or cultural event), time elapsed since first quickening was felt and two fundal height measures together received each one third of the weight, as described in more detail elsewhere (Hess & Ouédraogo, 2016) . We defined first trimester: <13 weeks, second trimester: ≥13 to <27 weeks, and third trimester: ≥27 weeks.
Nutritional status of pregnant woman
Low mid-upper-arm circumference was defined as <23 cm (Ververs, Antierens, Sackl, Staderini, & Captier, 2013 ). Women's dietary diversity was constructed from a food frequency questionnaire based on a woman's food intake in the past 24 hours. After an initial open recall, during which women were asked to list all foods consumed in the past 24 hours, a list-based method was used to ask the woman if she had consumed any foods during the past 24 hours from each of the food groups (FAO & FHI 360, 2016) . Consuming ≥5 food groups (out of 10) in the past 24 hours was considered as meeting the minimum dietary diversity for women (MDD-W) (FAO & FHI 360, 2016) .
Household socio-economic status and food insecurity
Socio-economic status of the household was estimated using three proxy indicators. Housing quality index was constructed based on whether the household had an improved roof, improved walls, or improved floors. It was a continuous scale from 0 to 1 where 1 was the highest possible score corresponding to the best housing quality.
A household asset index was based on ownership of a set of assets including a radio, a mobile phone, a battery, a bicycle, a moped/ motorcycle, and a car/truck. The household livestock index was a standardized composite measure of household small animals including goats, sheep, and poultry including a conversion factor for feed requirements (FAO, 2003) . Household food insecurity was assessed using the Household Food Insecurity Access Scale of the Food and Nutrition Technical Assistance/USAID (Coates, Swindale, & Bilinsky, 2007) . A household was categorized as food secure, or mildly, moderately or severely food insecure.
| Statistical analyses
Data analyses were performed using Stata version 12.1 (Stata Corporation, College Station, TX, USA). A statistical analysis plan was created prior to analysis (Hess & Ouédraogo, 2016) . For our two outcomes (utilization of ANC and adherence to recommended IFA supplementation), we considered two sample sizes. All 923 pregnant women who were interviewed during the household visits were included in the ANC coverage analyses. Women who received IFA (n = 401) provided information on adherence to recommended IFA supplementation ( Figure 1 ).
Descriptive analyses were used to assess the characteristics of women and villages. If a characteristic contained a homogenous response and less than 3% of respondents were in any category, we attempted to combine categories in logical ways to have each category contain at least 3% of respondents. The prevalence of outcome by categories of independent variables was measured taking into account the cluster design nature of the survey. To test for multicollinearity among independent variables, we ran collinearity diagnostics to calculate variance inflation factor and tolerance for each of the variables. We used variance inflation factor ≥2 (or equivalently, tolerances ≤0.50) as cut-off values to minimize the possibility of multicollinearity within the variables. Bivariate logistic regression analyses were carried out to evaluate the unadjusted associations between dependent variables and each of the independent variables. All these bivariate models were adjusted to assess whether any of the significant associations in the bivariate models are attributable to variation in seasonality (i.e, time of year interview was conducted), estimated pregnancy trimester, or household socio- , 2003) . All models were constructed using mixed effect logistic regression procedure where CSI was considered as cluster nested within the health district as a fixed effect and village nested within CSI as a random effect. Results were considered significant at p < .05 and the final models present the results as odds ratios (ORs) with 95% confidence intervals (95% CI).
| RESULTS
| Participants' characteristics
All pregnant woman who were identified using the random walk method and invited to participate in the study, agreed to participation and provided written consent. Nine hundred twenty-three pregnant women were enrolled from two health districts of Zinder (532 from Mirriah and 391 from Zinder). Seventy-three to 82 women were enrolled within the catchment area of each of the 12 CSIs. Over half of the women were enrolled during the dry cool, harvest season (50.6%), and the rest during the dry hot season (19.1%) and lean season (30.3%). The mean age ± standard deviation of the women was 26.1 ± 6.3 years (range 14-45 years; Table 1 ). All women were Muslim, 99.0% were married and 67.7% lived in a monogamous marriage. At the time of interview, 48.3% of the women were estimated to be in their third trimester of pregnancy, 40.5% were estimated to be in their second trimester, and only 2.4% were in their first trimester. Gestational age could not be estimated for 8.8% of the women. The median population of the 64 villages was 1,067 (range 42-7,397). Other village level characteristics are presented in Table 2 .
| Prevalence of attendance to any ANC visit and adherence to recommended IFA supplementation
Of the 923 women, 60.1% (n = 555) reported attending any ANC visit during the current pregnancy, 43.6% (n = 401) reported receiving any IFA supplement, 33.9% (n = 313) consumed any number of IFA supplements in the previous week, and 29.8% (n = 275) consumed the recommended number of IFA supplements in the previous week. There was no difference in ANC attendance and IFA adherence by age group (Table S2) .
Of the 555 women who attended any ANC in the current pregnancy, 69.9% mentioned that they had chosen the facility because of their proximity to the facility, 88.5% reported attending ANC visits by walking, and 82.6% reported spending less than half a day for each ANC visit (Table S3 ). Although 93.2% reported not incurring any cost for any medication prescribed during the ANC visit, 19.5% reported paying for ANC exams. Only 4.8% of the women who attended ANC reported doing so in their first trimester of pregnancy (<13 weeks).
Among women who did not attend ANC (n = 368), 74.5% stated that their pregnancies had not advanced enough to attend an ANC. Among those who mentioned that their pregnancy had not advanced enough to attend an ANC, 8.5% were estimated to be in the first trimester, 81.4% in the second trimester, and 10.1% in the third trimester of their pregnancy, respectively.
Of the 401 women who reportedly received any IFA supplements, 99.3% (n = 398) had attended at least one ANC during their current pregnancy. However, only 77.1% of women who attended ANC reported receiving IFA supplements. Seventy-eight percent of women who had received IFA reported consuming any IFA in the previous week, and 68.6% reported adherence to IFA supplementation as recommended (i.e., consumed IFA every day in the previous week; Table S4 ). Of the 257 women who were asked about the sources of their last batch of IFA, 88.3% received IFA supplements free from the CSI and the remaining 11.7% purchased or otherwise acquired IFA. Common reasons for not adhering to IFA recommendations were that they had run out of supplements (40.2%), forgot (23.1%), and had experienced side effects (16.2%; Table S4 ).
| Factors associated with of ANC attendance
Women who were interviewed in their third trimester of pregnancy Table S5 ). Women who reported receiving advice about her pregnancy from other family members aside from husband were more likely to attend ANC in comparison to those who did not receive any advice (OR: 1.72, 95% CI [1.27, 2.33]), and this association remained significant when adjusted individually for pregnancy trimester, seasonality, and housing quality index (Table S5) (Table 3 ).
The village characteristics that had significant positive association with ANC attendance in bivariate analyses were larger village population, having electricity in the village, presence of any secondary schools, existence of any agricultural or microcredit organizations, husbands' school or World Food Programme activities in the village. These relationships remained significant when the analyses were adjusted individually for seasonality, pregnancy trimester, or housing quality index (Table S5 ) but were not significant (data not shown) when adjusted for distance to the health facility. Greater distance of the village from a paved road or from the CSI were significantly negatively associated with ANC attendance. Husband provided advice to go to ANC and woman followed advice
(207)
Husband provided advice about consuming IFA and woman followed advice Table 4 ). 
| DISCUSSION
Using baseline cross-sectional data from the NiMaNu project, our analyses showed that ANC and IFA coverage is low in rural Zinder, Niger.
ANC coverage was particularly low in early pregnancy as women tended to attend ANC later in pregnancy. Besides trimester, we identified previous health facility birth and adequate dietary diversity as important positive factors associated with any ANC attendance during the current pregnancy. In contrast, we did not demonstrate any significant effect of seasonality on ANC attendance. Factors negatively associated with adherence to IFA recommendations included cost of roundtrip ANC transportation and out-of-pocket payment for any examination or any medication recommended during ANC visits, and husband's encouragement regarding ANC was positively associated with both ANC attendance and IFA adherence.
The ANC coverage in currently pregnant women in our study was 60.1%, which is much lower than the 2012 national estimates of 82.8% (INS & ICF International, 2013) . This difference was likely due to methodological differences as women in the present survey, who were mostly in the second and third trimester, were asked about ANC attendance during the present pregnancy, whereas the Demographic and Health Survey asked women about their most recent pregnancy in the past 5 years. In fact, when asked about their most recent previous pregnancy, 89.9% of the women in our survey reported that they had attended ANC. Thus, our findings are comparable with the nationally representative ANC coverage derived from the Demographic and Health Survey 2012. However, only about half of the women in our survey reported attending at least four ANC visits in the previous pregnancy, and none of the 22 women who were currently in their first trimester (<13 weeks) of pregnancy reported yet attending any ANC visits in the present pregnancy. This is of concern, as failure to attend ANC early in pregnancy prevents timely detection and treatment of pregnancy-related complications and leaves women at increased risk of morbidity and mortality during pregnancy, labour, and puerperium (Carroli, Rooney & Villar, 2001) .
Unlike a systematic review on factors affecting the utilization of ANC in developing countries (Simkhada, Teijlingen, Porter, & Simkhada, 2008) , our study did not demonstrate any significant association between ANC and sociodemographic variables such as age, ethnicity, education or occupation of the women, or any of the obstetric variables considered such as gravidity, previous history of fetal loss, last pregnancy outcome, or spacing between births. However, we identified health facility birth during the previous pregnancy as an independent predictor of ANC seeking during the current pregnancy.
It is not clear whether this was due to health concerns during the previous pregnancy or positive experiences during the health facility birth or any other unidentified factors (e.g., financial security) that may link women who give birth at health centres and attend ANC. However, this cannot explain the negative association between the death of a child born alive during last pregnancy and ANC attendance because we do not know whether the last pregnancy outcome happened due to reasons related to health facility birth. Further research is needed to explore whether interactions with health staff, counselling received,
and/or quality of postnatal appointments following previous health facility births have any impact on improving ANC attendance in subsequent pregnancies.
Geographic or physical access of the population to health facilities impacts availability of adequate health services (Feikin et al., 2009; Muller, Smith, Mellor, Rare, & Genton, 1998; Stock, 1983) . In Niger, vaccination rates in children were strongly correlated with distance to health centre, with children living in closely located clusters having higher odds of complete vaccinations compared to those living in clusters further from a health centre (Blanford et al., 2012) . Similarly, our study also provided evidence that greater distance between the village and a paved road or between the village and the health centre This is the case in our study area in Zinder, Niger. However, 28% of women who attended ANC did not receive any IFA supplementation.
Moreover, 40% of those who had received IFA supplementation at some point during their pregnancy cited running out of IFA supplements as the reason for noncompliance. The lack of IFA supplements at home could be due to irregular ANC visits to refill IFA supplements or inadequate supply at the facility. Together, these highlight the importance of timely ANC visits and ensuring adequate supply and distribution of IFA throughout all ANC visits.
Our multivariable model confirmed cost of roundtrip ANC transportation and out-of-pocket payment for any examination or medication recommended during ANC visit as risk factors of poor adherence to daily IFA supplement consumption in comparison to those who did not incur any such cost or payment. We did not collect data to clarify why this may be the case. One possible explanation is that those who incurred any such costs did not revisit the facility to refill their IFA and hence ran out of supply. Alternatively, a woman who paid for transportation or medication may have had an illness along with her pregnancy, thus opting to pay for transportation because walking would have been more difficult; the care she sought could have been more focused on the illness than to IFA for her pregnancy, and when choosing what to consume, she could have been more concerned about the purchased medication than the IFA.
Evidence suggests that male involvement is associated with improved maternal health outcomes in developing countries including seeking ANC (Wai et al., 2015; Yargawa & Leonardi-Bee, 2015) . Consistent with this, we identified a positive association between husband's support and important maternal health outcomes such as ANC seeking and adherence to recommended IFA supplementation. We also found that presence of a husbands' school in the village was positively associated with ANC attendance by women in the study area. Thus, involving husbands in prenatal health care and recommended practices seems a promising strategy. One communication tool that builds on this is the Essential Nutrition Actions (Guyon & Quinn, 2011) providing specific messages for husbands to increase their participation and support in their wives' health care and nutrition during pregnancy and lactation.
An important strength of our study is the large sample size and the availability of a wide range of variables at the individual, household, and village level. The design of the survey consisting of continuous enrollment schedule over a period of 12 months allowed us to account for seasonality throughout the whole year. We minimized the sampling error by appropriate adjustment for cluster sampling design where both CSI and village were included as randomization structure covariates.
Unlike other surveys, we interviewed currently pregnant women about their ANC attendance and IFA adherence, which minimized the possibility of longer recall bias. The major limitation of the study is that the data are only representative of a limited portion of the population, thus have limited generalizability to Niger as a whole. The analyses were also performed on cross-sectional data, which restricted the establishment of causal association between the independent and outcome variables.
Because of concerns of increased probability of false positives among all significant results during simultaneous multiple hypotheses testing, we limited the number of multivariable analyses and included only key covariates based on potential public health significance and plausibility instead of any statistical criteria into those multivariate models. Despite these limitations, the results of these analyses contribute to our understanding of the prevalence of and factors associated with inadequate ANC seeking and adherence to recommended IFA supplementation in a high-risk rural population of Niger. In our analyses, sociodemographic variables did not appear to influence ANC and IFA. This suggests that the factors identified in this study may well be causal rather than explained by confounding with sociodemographic factors.
In summary, our study identified four falter points (USAID, 2014) related to access, distribution, and adherence to IFA supplementation: 
